The precise determination of gold has be particularly required on the business transactions of blister copper. Gold is usually analysed by the Fire Assay Gravimetric (FAG) which is main traditional method. However, this method requires special facilities such as the assay crucible furnace and the muffle furnace. These facilities are exclusively used for precious metal determination such as gold. And then, Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES) which is commonly applied to metal analysis was studied for the determination of gold. Using high dispersive spectrometer, the coexisting elements such as Fe, Ni, Cu, Zn and Sn did not interfere with the determination of Au at the wavelength of 242.795nm. Mn gave positive error, accordingly subtraction from the Au signal was required. As the effect of aqua regia concentration was found, the amount of remained acid was measured at sample decomposition, and the amount of remained aqua regia was estimated. In order to eliminate the matrix effect the concentration of aqua regia and coexist elements between sample and standard solution for calibration were matched.
1．Introduction
Determination of gold in blister copper should be analysed with high precision and reliance on the business transactions. Gold in copper materials is usually determined by Fire Assay Gravimetric method (FAG). Since FAG is particularly precise and reliable, it is traditionally used as an official standard. 1) However, this method requires the special facility such as the assay crucible furnace and the muffle furnace which are used for the exclusive use of gold determination and the special skilled assayers to achieve accurate determination. Besides, assayers are forced to work under high temperature environment. On the contrary, Inductively Coupled Plasma-Atomic Emission Spectrometry method (ICP-AES) is simple and suitable for the routine analysis without special facilities and assayers. This method has been applied to the determination of gold in ores or concentrates. [2] [3] [4] [5] [6] [7] But, some reports were treating rather low concentration range of gold (0~40µg / g) in ores 2) or concentrates [3] [4] [5] [6] and the results were occasionally accompanied with a big error higher than 10%. 3) The present author treated rather higher content gold (200~2800µg / g) in blister copper. These solid phase samples usually involve segregation of ingredients, so that it may result in a big error of the determination especially by using a small quantity of the sample. Therefore, total 5.00g boring chip sample was classified according to their sizes by using sieves was required for the accurate determination.
The interferences of matrix could be eliminated by matrix matching method.
In order to match the concentration of free acid the amount of free acid (HCl and HNO 3 ) in the decomposed sample and the standard solution for calibration were estimated by calculation and experiment respectively. Analytical results of this proposed method extremely agreed well with that of FAG. The discrepancy of the proposed method from FAG was less than 3%. The time required for the determination was 8 hrs., including the sampling and dissolution procedures. Boring tip sample (100g) was sieved into three parts by using net sieves of 0.1mm and 1mm. Total 5.00g sample collected in proportion to the mass of each part was taken into a glass beaker, and 45ml of HCl and 15ml of HNO 3 were added, and then allowed to stand at room temperature. After the end of vigorous reaction, the glass beaker was put on a hot plate heated at 130 ± 20°C for 50 min. Since HCl and HNO 3 have the constant boiling mixture with water at 108.5°C and 123°C respectively, the decomposing temperature was selected to be 130 ± 20°C. After cooling, the decomposed sample was transferred into a 100 ml volumetric flask. The aliquot of 10ml was taken into a 100 ml volumetric flask. Again, add 10 ml of the aliquot into a 100 ml volumetric flask which previously contained 8.8 ml of HCl and 2.9 ml of HNO 3 . The spectrum intensity of gold at 242.795 nm and manganese at 257.610 nm were measured by ICP-AES. The intensity of gold was corrected by subtracting the intensity of manganese as described in the following section.
Results and discussion

3・1 Effect of the aqua regia content on ICP-AES measurement
As the intensity of ICP-AES was interfered by physical interference such as the viscosity of the sample solution, the effect of aqua regia concentration was studied.
As shown in Table 1 , the increase in aqua regia content caused the decrease in the intensity of Au. It seems that the viscosity of the solution increases with increasing aqua regia content and results in the decrease of the nebulizer flow rate. In order to prevent this interference the acid content matching of standard solution was required. The optimum content of aqua regia was 12ml in 100ml as shown in Table 1 .
3・2 Estimation of aqua regia in standard and sample solution
In the case of standard solution for calibration the acid amount of HCl and HNO 3 were estimated by calculation as shown in Table 2 .
From Table 2 , HCl and HNO 3 were 0.5ml and 1.2ml respectively.
Optimized aqua regia concentration was 12ml in 100ml based on the results in Table 1 . Therefore, addition of 8.5ml ( = 9 -0.5) HCl and 1.8ml ( = 3 -1.2) HNO 3 was required.
On the other hand in the case of sample solution the amount of remained acid after dissolving in aqua regia was estimated by titration with 0.98mol/l NaOH. When the blister copper of 5g was taken and dissolved by the proposed procedure, the remaining acid was decreased as the decomposing time was elongated as shown in Table 3 .
When the decomposing time was 50min., the consumption 659〈27〉 Table 2 Acid amount in standard solution. Thus, the amount of remaining HCl and HNO 3 were 0.25 ml and 0.08ml, respectively. Besides, the amount of HCl and HNO 3 to add were 8.8ml ( ≒ 9-0.25), and 2.9ml ( ≒ 3-0.08) respectively.
3・3 Effect of coexisting elements on the intensity of Au
The spectral and physical interferences of coexisting elements on the determination of gold at wavelength 242.795 nm was investigated as follows.
3・3・1 Effect of coexisting Fe and Mn on the intensity of Au
The spectra of Fe and Mn appear at the neighbourhood of 242.795nm. 8) But, the interference of Fe could be avoided by using a high dispersive spectrometer. Mn spectrum was completely overlapped with Au spectrum, as shown in Fig. 1 .
The calibration plots for Au and Au containing Mn were shown in Fig. 2 , which shows that 1000µ g Mn in 100 ml solution gives positive error of 10µg Au.
The correction was carried out as follows; the content of Mn was determined by the spectrum at the wavelength of 257.610nm. The spectrum intensity at 242.795nm corresponding to the quantity of Mn was evaluated and this value was subtracted from the spectrum intensity at 242.795 nm.Thus, the corrected Au was calculated by the following equation.
Corrected Au (µ g /g) = Uncorrected Au (µg /g) -Mn (µ g /g) Zn and Sn, but these elements did not interfere with the measurement at 242.795 nm as shown in Table 4 . Recoveries of Au were 97~ 101.5% on coexistent of Fe, Ni, Cu, Zn or Sn.
3・4 Recovery of gold on the different samples
In order to study the recovery 50 or 100µg of Au was added to different samples. As shown in Table 5 , the recovery was satisfactory in both cases.
3・5 Comparison of analytical results between FAG and the proposed method
As shown in Table 6 , the analytical results of this proposed method extremely agreed well with that of the FAG method.
The relative error was less than 3%.
Conclusions
Instead of FAG, ICP-AES for the determination of high content gold (200~2800 µg /g) in blister copper was studied. The increase in aqua regia concentration caused the decrease of the Au signal. On the determination of Au at wavelength 242.795nm the spectral interference by the coexisting elements were also investigated. It was found that 1000µ g Mn in 100 ml solution gave positive error on 10µg Au, and coexistence of elements such as Fe, Ni, Cu, Zn and Sn did not interfere with the determination. Analytical result of this proposed method extremely agreed well with that of the FAG. The relative error was less than 3%. Comparing with the FAG, this method is simple, reliable and reproducible. Even though without special facilities such as assay crucible furnace and muffle furnace which are for the exclusive use of gold determination, the required time was very short. 
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